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1. INTRODUCTION {#pds4402-sec-0005}
===============

Clinical picture of sprue‐like enteropathy (SLE) resembles celiac disease and presents with symptoms varying from mild oligosymptomatic (anemia and irritable bowel syndrome‐like symptoms) to severe malabsorption and chronic diarrhea with substantial weight loss.[1](#pds4402-bib-0001){ref-type="ref"} Both pathologies share the characteristic histological findings of duodenal/intestinal villous atrophy.[2](#pds4402-bib-0002){ref-type="ref"}, [3](#pds4402-bib-0003){ref-type="ref"} Sprue‐like enteropathy is distinct from the "classical" gluten‐induced celiac disease as patients have a negative antibody response to gliadin, endomysium, and transglutaminase and are nonresponsive to a gluten‐free diet.[4](#pds4402-bib-0004){ref-type="ref"} Causes of SLE are heterogeneous and, among others, iatrogenic etiology is common: alcohol, antibiotics, nonsteroidal antiinflammatory agents, chemotherapeutics, immunosuppressants, and, recently, olmesartan (an angiotensin‐II receptor blocker, ARB) have been associated with SLE occurrence.[5](#pds4402-bib-0005){ref-type="ref"} The association between severe SLE and the treatment with olmesartan medoxomil (OM) has initially been reported in a case series of 22 patients diagnosed with refractory celiac disease[6](#pds4402-bib-0006){ref-type="ref"} followed by a small series of individual case reports.[4](#pds4402-bib-0004){ref-type="ref"} ^,^ [7](#pds4402-bib-0007){ref-type="ref"}, [8](#pds4402-bib-0008){ref-type="ref"}, [9](#pds4402-bib-0009){ref-type="ref"}, [10](#pds4402-bib-0010){ref-type="ref"} A large observational cohort study, based on the French health insurance claim database and using International Classification of Diseases, Tenth Revision (ICD‐10) codes for intestinal malabsorption (IM) and coeliac disease diagnosis, highlighted an increased risk of hospitalization in patients treated with OM when compared with other ARBs and angiotensin converting enzyme inhibitors (ACE‐i).[11](#pds4402-bib-0011){ref-type="ref"} Otherwise, it is not appropriate to rule out the class‐effect hypothesis[12](#pds4402-bib-0012){ref-type="ref"} because recent case reports suggested an association between severe enteropathy and other ARBs, including valsartan, irbesartan, telmisartan, eprosartan, losartan, and candesartan.[10](#pds4402-bib-0010){ref-type="ref"} ^,^ [13](#pds4402-bib-0013){ref-type="ref"}, [14](#pds4402-bib-0014){ref-type="ref"}, [15](#pds4402-bib-0015){ref-type="ref"}, [16](#pds4402-bib-0016){ref-type="ref"}, [17](#pds4402-bib-0017){ref-type="ref"}, [18](#pds4402-bib-0018){ref-type="ref"}, [19](#pds4402-bib-0019){ref-type="ref"}, [20](#pds4402-bib-0020){ref-type="ref"} A large population‐based study of ARB‐treated patients managed by the general practitioners in Italy and Germany showed similar low proportions of unspecified IM diagnosis among the different drugs belonging to the same class. This suggests the absence of differences among different ARBs and shows the very low incidence of IM in association with their intake.[21](#pds4402-bib-0021){ref-type="ref"} These previous findings even more emphasize the need to clarify the role of hypertensive medications in the onset of severe forms of enteropathy.

The present study aimed at assessing the risk of enteropathy associated with ARBs and ACE‐i in 2 European countries (Italy and Germany) and at assessing a potential increased risk for OM.

 {#pds4402-sec-5000}

###### Key points

A relatively low incidence rate of intestinal malabsorption hospitalizations in a large cohort of patients treated with ARBs or ACEIs in Italy and Germany is found.Previous findings about the higher risk of malabsorption linked exclusively with olmesatan‐treated patients are not confirmed.ARBs other than olmesartan are associated with a significantly increased risk of unclassified malabsorption compared with the olmesartan group.ACEi patients present with a nonsignificant lower risk of malabsorption than all ARBs users.Drug‐associated enteropathy should be considered as the potential consequence of the entire ARB class exposure rather than a specific drug‐related effect.

2. MATERIAL AND METHODS {#pds4402-sec-0006}
=======================

2.1. Study design and population {#pds4402-sec-0007}
--------------------------------

This study was a noninterventional retrospective analysis based on longitudinal secondary data sources. Two different cohorts were constructed from administrative and claims databases in Italy and Germany, respectively. In Italy, all patients who initiated treatment with an ACE‐i (Anatomical Therapeutical Classification \[ATC\] codes: C09A, C09B) or an ARB (ATC codes: C09C, C09D) between January 1, 2011 and December 31, 2015 were considered. Furthermore, according to the current availability of validated data per local health‐care unit (LHU), 3 different selection periods were considered for the analysis to ensure the accuracy and efficiency of results produced (see Table [S1](#pds4402-supitem-0001){ref-type="supplementary-material"}). For German patients, the selection period went from January 1, 2011 to December 31, 2014. The first prescription of ACE‐i or ARB during this period constituted the entry date in the cohort (index date). To limit the study to treatment‐naïve patients for the studied drugs, patients who had at least 1 prescription containing ACE‐i or ARB during the 12 months preceding the index date (preselection period) were excluded from the analysis. In addition, also patients that at the index date had prescriptions falling in more than 1 of the treatment groups of interest were excluded. Further exclusion criteria applied in the preselection period were hospitalization for IM (Italy: ICD‐9 code: 579.x; Germany: K90.x), any exemption for coeliac disease (only available in Italy: code RI0060), any coeliac disease‐specific serological testing (only available in Italy: 90.53.D, 90.49.5, 90.47.E codes), and any IM diagnosis (only available in Germany: ICD‐10 codes K90.x). The 2 cohorts were then pooled into the final database used in the analysis.

2.2. Exposure definition {#pds4402-sec-0008}
------------------------

The following 3 treatment exposures were investigated: exposure to OM, exposure to other ARBs, and exposure to ACE‐i. Exposure to treatment was defined as both monotherapy and fixed combinations with diuretics and/or calcium channel blockers. The total number of days on therapy was analyzed by means of the defined daily dose. Starting from the treatment at the index date (OM, other ARB, or ACE‐i), the end of the exposure period was determined by treatment discontinuation or switch to a different antihypertensive therapy. Discontinuation was defined as any gap of more than 90 days between refilling prescriptions.

2.3. Outcomes {#pds4402-sec-0009}
-------------

Given the lack of a specific diagnosis code defining SLE, ICD codes for IM were considered as proxies for the diagnosis of drug‐associated sprue, both for primary and secondary outcomes, as previously used in the study by Basson et al.[11](#pds4402-bib-0011){ref-type="ref"} The primary outcome was hospitalization with a discharge diagnosis of unspecified IM (Germany: ICD‐10 codes K90.4, K90.8 or K90.9; Italy: ICD‐9 codes: 579.8 or 579.9).

The secondary outcome was hospitalization with a discharge diagnosis of IM (Germany: ICD‐10 codes K90.x; Italy: ICD‐9 codes 579.x) to broaden the investigation to all ICD codes and to discern subsequently the cases among unspecified, coeliac disease and other syndromes of malabsorption. Patients were censored at the first event, death, or end of the study (Germany: December 31, 2014; Italy: December 31, 2015).

2.4. Data sources {#pds4402-sec-0010}
-----------------

### 2.4.1. Italy {#pds4402-sec-0011}

We obtained access to the administrative databases of 5 Italian LHUs: Bergamo, Toscana sud‐est---including Grosseto, Siena, and Arezzo---Roma3, Matera, and Palermo. The selected LHUs contained information on over 4 million registered patients of the 59.7 million registered inhabitants in Italy (2014 census) regarding more or less all services provided in a health‐care environment.[22](#pds4402-bib-0022){ref-type="ref"}, [23](#pds4402-bib-0023){ref-type="ref"} Each LHU supplied patient‐level data on billable claims (prescriptions from pharmacies in the area, flow of outpatient specialist examinations and of diagnostic tests and procedures, and flow of hospital discharge forms) and demographic data, retrieved from the specific databases. These sources and their integration are a powerful tool supporting conventional methods used in epidemiological studies.[24](#pds4402-bib-0024){ref-type="ref"}, [25](#pds4402-bib-0025){ref-type="ref"}, [26](#pds4402-bib-0026){ref-type="ref"}, [27](#pds4402-bib-0027){ref-type="ref"}, [28](#pds4402-bib-0028){ref-type="ref"}, [29](#pds4402-bib-0029){ref-type="ref"} Diagnoses and procedures associated with hospital utilization were recorded by using the ICD‐9 Clinical Modification, while prescription forms contained information on strength, number of tablets, and date of dispensation according to the ATC codes.

### 2.4.2. Germany {#pds4402-sec-0012}

A large claim database of people covered by statutory health insurance in Germany ("Gesetzliche Krankenversicherung \[GKV\]) available for the period 2004 to 2014 was analyzed. The sociodemographic structure of the population included (5.2 million) is considered widely representative of the entire GKV population in Germany (80 million). The following databases were used: registration data (demography, time insured, and regional distribution), outpatient and inpatient cares, drug prescriptions, sick leaves, and sick benefits data. Using a person‐related pseudonym, it was possible to unambiguously identify patients in all datasets abovementioned.

2.5. Statistical methods {#pds4402-sec-0013}
------------------------

For the primary outcome, the 3 cohorts (OM, other ARBs, or ACE‐i) were stratified according to the incidence of the events, calculated as the number of hospitalizations for unspecified IM per person‐years (PY). Furthermore, a modified Poisson regression model adjusted for the following potential confounders was used: age, sex, and presence of at least 1 comorbidity among those of interest (diabetes, transplantation, malignant neoplasms, and renal failure). A modified Poisson regression was performed by using a robust error variance procedure (known as *sandwich* estimation) that is used to analyze correlated data, which can occur because of clustered data.[30](#pds4402-bib-0030){ref-type="ref"} Failure to account for the correlation in the data can result in underestimating the variance, which would lead to artificially low *P* values.[31](#pds4402-bib-0031){ref-type="ref"} In the present context, this approach was used to account for the different clusters (LHUs and countries) and to correctly estimate the standard error for the estimated relative risk. The same methodology was applied for the secondary outcome stratifying the 3 cohorts according to the incidence of the events calculated as the number of hospitalizations for IM (Germany: K90.x; Italy: 579.x) per PY.

3. RESULTS {#pds4402-sec-0014}
==========

The final cohort included 465.443 patients divided into 3 groups of treatment: OM (25.591 patients, 5.5%), other ARBs (104.901 patients, 22.5%), and ACE‐i (334.951 patients, 72.0%). Baseline characteristics showed little differences among treatments groups (Table [1](#pds4402-tbl-0001){ref-type="table-wrap"}). Specifically, OM and ACE‐i patients were slightly younger when compared with the other ARB group. Women were overrepresented (52.1%) in the other ARB group compared with the OM (49.7%) or ACE‐i (46.3%) groups. The OM group contributed with the lowest percentage of patients with at least 1 of the comorbidities of interest. Crude incidence rates of events on total PY of exposure to treatments are presented in Table [2](#pds4402-tbl-0002){ref-type="table-wrap"}. Regarding the primary outcome, 23 hospitalizations for unspecified IM were observed, 12 in the other ARB group, 10 in the ACE‐i group, and 1 in the OM group, yielding crude incidence rate of 8.8 per 100.000 PY, 2.3 per 100.000 PY, and 3.1 per 100.000 PY, respectively. [Table S2](#pds4402-supitem-0001){ref-type="supplementary-material"} reports the crude incidence rates of events by treatment groups defined as ARBs (including OM) or ACE‐i.

###### 

Population characteristics at baseline

  Demographic Characteristics                           Olmesartan      Other ARBs       ACE‐i
  ----------------------------------------------------- --------------- ---------------- ----------------
  Patients (n, %)                                       25,591 (5.5)    104,901 (22.5)   334,951 (72.0)
  Age (mean, SD)                                        63.0 (14.0)     65.0 (14.4)      62.4 (14.7)
  Age (n, %)                                                                             
  Missing                                               17 (0.1)        143 (0.1)        862 (0.3)
  \<50                                                  4,757 (18.6)    16,803 (16.1)    68,349 (20.4)
  50--60                                                5,916 (23.1)    20,826 (19.9)    77,950 (23.3)
  60--70                                                5,923 (23.1)    22,839 (21.8)    70,655 (21.1)
  70--80                                                5,575 (21.8)    25,626 (24.4)    71,065 (21.2)
  ≥80                                                   3,403 (13.3)    18,664 (17.8)    46,070 (13.8)
  Female (n, %)                                         12,728 (49.7)   54,597 (52.1)    154,923 (46.3)
  Comorbidities[a](#pds4402-note-0002){ref-type="fn"}   3,789 (14.8)    21,982 (21.0)    87,636 (26.1)
  Diabetes (n, %)                                       2,301 (9.0)     12,190 (11.6)    46,899 (14.0)
  Transplantation (n, %)                                35 (0.1)        285 (0.3)        959 (0.3)
  Malignant neoplasms (n, %)                            1,021 (4.0)     6,931 (6.6)      32,300 (9.6)
  Renal failure (n, %)                                  432 (1.7)       2,576 (2.5)      7,478 (2.2)

ACE‐i indicates angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

The total number of comorbidities could exceed the total number of patients with at least 1 comorbidity because 1 patient could have more than 1 comorbidity of interest.

###### 

Number and crude incidence rates of unspecified intestinal malabsorption and intestinal malabsorption events (Germany: ICD10: K90.4. K90.8. K90.9; Italy: ICD‐9 codes: 579.8 or 579.9) stratified by treatment at index date

                                    Outcome                                    Index Date Treatment   Number of Events   Person‐Year (PY)   Unadjusted Incidence Rate \*100,000 PY   Lower 95% Confidence Limit   Upper 95% Confidence Limit
  ---------------------------------------------------------------------------- ---------------------- ------------------ ------------------ ---------------------------------------- ---------------------------- ----------------------------
   Unspecified intestinal Malabsorption[a](#pds4402-note-0004){ref-type="fn"}  Olmesartan             1                  32,041             3.12                                     0.44                         22.16
                                   Other ARBs                                  12                     136,827            8.77               4.98                                     15.44                        
                                     ACE‐i                                     10                     431,139            2.32               1.25                                     4.31                         
         Intestinal malabsorption[b](#pds4402-note-0005){ref-type="fn"}        Olmesartan             4                  32,035             12.49                                    4.69                         33.27
                                   Other ARBs                                  20                     136,818            14.62              9.43                                     22.66                        
                                     ACE‐i                                     39                     431,123            9.05               6.61                                     12.38                        

ACE‐i indicates angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

ICD‐10: K90.4, K90.8, K90.9; ICD‐9:579.8, 579.9.

ICD‐10: K90.x; ICD‐9: 579.x.

When we looked at the primary outcome, the risk of hospitalization of ACE‐i patients compared with OM was not significantly different in both crude and adjusted analyses (Table [3](#pds4402-tbl-0003){ref-type="table-wrap"}). On the other hand, adjusted rate ratios (RRs) showed that other ARB users were associated with an over 2‐fold significantly higher risk of hospitalization compared with OM (RR: 2.50, 95% CI 1.21‐5.19, *P* .01, Table [3](#pds4402-tbl-0003){ref-type="table-wrap"}). In addition, age was a significant covariate in the Poisson‐modified model: Modestly higher IM risk (RR = 1.03) was significantly associated for each year‐unit increase of age (*P* = .02). When we looked at the secondary outcome of the analysis, there were 63 hospitalizations for IM, 20 of which related to the other ARB group, 39 to the ACE‐i group, and 4 to the OM group, resulting in a crude incidence rate of 14.6 per 100.000 PY, 9.1 per 100.000 PY, and 12.5 per 100.000 PY, respectively. [Table S3](#pds4402-supitem-0001){ref-type="supplementary-material"} reports the distribution of events by discharge diagnosis code. In the overall analysis comprising all ICD codes, no significant differences in risk of hospitalization were measured among treatments (Table [3](#pds4402-tbl-0003){ref-type="table-wrap"}). In particular, other ARBs and ACE‐i reported an adjusted RR of, respectively, 1.06 and 0.73 of hospitalizations compared with OM, and both estimates were nonsignificant. Women showed a significantly higher risk than men (RR = 1.68, *P* value: .01). Neither age nor the presence of at least 1 comorbidity had influence on the RRs.

###### 

Crude and adjusted rate ratios of hospitalization with a discharge diagnosis of unspecified intestinal malabsorption (Germany: ICD10: K90.4. K90.8. K90.9; Italy: ICD‐9 codes: 579.8 or 579.9) and intestinal malabsorption (Germany: ICD‐10 codes K90x. Italy: ICD‐9 codes 579×) and 95% CI (ref: Olmesartan)

                                    Outcome                                    Parameter    Crude RR         95% CI            *P* Value   Adjusted RR      95% CI           *P* Value
  ---------------------------------------------------------------------------- ------------ ---------------- ----------------- ----------- ---------------- ---------------- -----------
   Unspecified intestinal malabsorption[a](#pds4402-note-0007){ref-type="fn"}  Other ARBs   2.93             (0.35 to 24.55)   .3224       2.50             (1.21 to 5.19)   .0134
                                     ACE‐i                                     0.76         (0.11 to 5.13)   .7773             0.78        (0.19 to 3.19)   .7255            
                                     Female                                    ---          ---              ---               0.89        (0.48 to 1.64)   .7008            
               Comorbidity[c](#pds4402-note-0009){ref-type="fn"}               ---          ---              ---               0.78        (0.24 to 2.58)   .6891            
                                      Age                                      ---          ---              ---               1.03        (1.01 to 1.06)   .0171            
         Intestinal malabsorption[b](#pds4402-note-0008){ref-type="fn"}        Other ARBs   1.16             (0.64 to 2.12)    .6190       1.06             (0.58 to 1.96)   .8420
                                     ACE‐i                                     0.73         (0.34 to 1.55)   .4078             0.73        (0.37 to 1.46)   .3736            
                                     Female                                    ---          ---              ---               1.68        (1.15 to 2.44)   .0069            
               Comorbidity[c](#pds4402-note-0009){ref-type="fn"}               ---          ---              ---               1.43        (0.81 to 2.51)   .2204            
                                      Age                                      ---          ---              ---               1.00        (0.99 to 1.01)   .3709            

ACE‐i indicates angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; RR, rate ratio.

ICD‐10: K90.4, K90.8, K90.9; ICD‐9:579.8, 579.9.

ICD‐10: K90.x; ICD‐9: 579.x.

At least 1 comorbidity among those of interest.

4. DISCUSSION {#pds4402-sec-0015}
=============

In the pooled analysis of 2 large cohorts of patients obtained from Italian administrative and German statutory health insurance (GKV) databases, we reported a low incidence rate of IM hospitalizations for patients on treatment with ARBs and ACE‐i. In addition, we found that drug‐associated sprue, codified as unspecified IM diagnoses, was more common in the group of ARB patients when adjusting for possible confounders. At the same time, we could not confirm previous findings of a higher risk of malabsorption in olmesartan‐only patients. The presence of an association between ARBs and malabsorption that emerges from the present study is in line with previously conducted studies and strengthens the class‐effect hypothesis recently suggested elsewhere.[10](#pds4402-bib-0010){ref-type="ref"}, [13](#pds4402-bib-0013){ref-type="ref"}, [14](#pds4402-bib-0014){ref-type="ref"}, [15](#pds4402-bib-0015){ref-type="ref"} ^,^ [21](#pds4402-bib-0021){ref-type="ref"} Despite the large number of patients in the study, only 1 episode of malabsorption‐related hospitalization was detected in the group of OM patients. This result is in line with indications from previous RCT and case‐control studies that reported no differences in the occurrence of diarrhea, abdominal discomfort, and diagnosis of coeliac disease or microscopic colitis when comparing olmesartan with control groups.[32](#pds4402-bib-0032){ref-type="ref"}, [33](#pds4402-bib-0033){ref-type="ref"} However, this result is in contrast with the findings by Basson et al, who reported a higher risk of malabsorption in patients treated with OM, even if confirming that olmesartan‐induced enteropathy remains a rare condition.[11](#pds4402-bib-0011){ref-type="ref"} A possible explanation of the difference between the 2 studies is that, in the present study, the primary outcome was defined by using ICD codes for *unspecified* IM based on the assumption that a clinician, in the absence of a specific code defining SLE diagnosis, would select a general and nonspecific diagnosis code. In fact, in the absence of a definitive etiology for villous atrophy, patients are most likely characterized as having unclassified sprue, a diagnosis of exclusion, for which the optimal management is still unknown.[8](#pds4402-bib-0008){ref-type="ref"} Nevertheless, because SLE is an adverse drug reaction that mimics the appearance of celiac disease, in this study, we also assessed the risk of IM considering all ICD‐10K90.x and ICD‐9 579.x codes for Germany and Italy, respectively. We found crude incidence rates of malabsorption in our 2 cohorts almost 4‐fold higher for ACE‐i, 8‐fold higher for other ARBs, and 2‐fold higher for OM‐treated patients when compared with the findings retrieved in similar cohorts in France.[11](#pds4402-bib-0011){ref-type="ref"} Moreover, a significant higher risk in women than in men was found, which is probably because about 42% of the events were hospitalizations for coeliac disease, which is well known to predominantly characterize the female gender. While inclusion criteria were similar to the French study, exclusion criteria were different due to limited availability of some information in the German and Italian databases, and this may well account for the difference in magnitude in the incidence rates. In particular, in the study by Basson et al, all patients with any prescriptions for gluten‐free diet before the index date were excluded. In the present analysis, it was not possible to retrieve the latter information; therefore, hospitalizations for celiac disease (representing over 42% of total events in our study) could include those patients already carrying celiac disease before the index date. This could partly explain the increased total number of malabsorption‐related hospitalizations, although affecting all studied drugs to a similar extent. Another factor potentially driving up the hospitalizations number is that the present study ended later (ie, 2015 Italy and 2014 Germany) than the French study (2012). Given that Olmesartan‐induced SLE was first reported in 2012,[6](#pds4402-bib-0006){ref-type="ref"} it is possible to hypothesize that this could have led to an increased awareness of physicians about the existence of a drug‐associated enteropathy in the subsequent years. The study presents the following limitations. First, treatment exposure is based on prescribed and dispensed prescriptions by pharmacies, and no information on actual use of the drugs is available. Second, we used administrative databases with limited clinical information available, which would have been helpful to better characterize the drug‐associated malabsorption events. Although this represents a standard approach in real‐world evidence studies, severity, clinical factors, and therapeutic patterns were assessed by means of surrogate tools (ie, hospitalization, examinations, exemptions, and prescribed drugs). Third, our study refers to the more serious cases of IM, ie, patients who required hospitalization. In analogy to Basson et al, the aim of our study was to assess the prevalence in the association between ARBs and ACE‐I treatments for severe forms of enteropathy. Cases with mild forms of malabsorption as observed in outpatient setting were not included in the study. This study has also several strengths. To minimize the bias effect of concomitant conditions, analyses were adjusted for confounders (diabetes, cancer, renal failure, and transplantation) potentially influencing the risk of developing severe enteropathy. Another strength of the present study was the exclusion of patients with hospitalizations for IM and coeliac disease as well as patients with any diagnosis of malabsorption before the index date. Also, the use of national representative databases designed for administrative and billing purposes provides insight into otherwise difficult‐to‐study, low‐incidence clinical events and outcomes.[34](#pds4402-bib-0034){ref-type="ref"}

In conclusion, this study suggests that drug‐induced enteropathy should be considered the result of exposure to the class of ARBs rather than a specific drug‐related effect. Yet, the higher risk found in relation to the ARBs users is sensitive to the ICD codes considered in our study. Similarly, it has to be stressed that to better understand the causality of ARB‐associated sprue and its magnitude, other studies accounting for different populations, different study designs, different time periods, and duration of drug exposure alongside the consideration of specific population‐related lifestyles, individual susceptibility, and co‐administered drugs should be encouraged.[35](#pds4402-bib-0035){ref-type="ref"} Mechanisms of drug‐induced enteropathy await further exploration.
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